Background: In Sweden, organized screening programs have significantly reduced the incidence of cervical cancer. For cancers overall, however, women with psychiatric diagnoses have lower survival rates than other women. This study explores whether women with psychiatric diagnoses participate in cervical cancer screening programs to a lesser extent than women on average, and whether there are disparities between psychiatric diagnostic groups based on grades of severity. Methods: Between 2000 and 2010, 65,292 women within screening ages of 23-60 had at least two ICD-10 (International Statistical Classification of Diseases and Related Health Problems -Tenth Revision) codes F20*-F40* registered at visits in primary care or psychiatric care in Region Västra Götaland, Sweden. Participation in the cervical cancer screening program during 2010-2014 was compared with the general female population using logistic regression adjusted for age. Results: Relative risk for participation (RR) for women diagnosed within psychiatric specialist care RR was 0.94 compared with the general population, adjusted for age. RR for diagnoses outside specialist care was 0.99. RR for psychoses (F20*) was 0.81. Conclusions: Women with less-severe psychiatric diagnoses participate in the screening program to the same extent as women overall. Women who have received psychiatric specialist care participate to a lesser extent than women overall. The lowest participation rates were found among women diagnosed with psychoses.
Background
The World Health Organization [1] identifies cervical cancer as one of the most serious threats to women's lives, particularly in low-to middle-income countries. Screening programs offering early detection of precancerous lesions have helped cervical cancer incidence and mortality to decline in developed countries [2] . Sweden has a relatively long history of cervical cancer prevention, having implemented organized screening programs in the mid-1960s [3] . These efforts have significantly reduced the incidence of cervical cancer [4, 5] , and the mortality rate has declined by 60% over the last four decades [6] .
In Sweden, the standard practice until 2017 has been to invite women between 23 and 60 years of age to take a Papanicolau (Pap) test. The invitation is sent out every three to five years depending on age [7] . In the local context of Region Västra Götaland, over 85% of the women accept the invitation and take a Pap test at a local antenatal clinic [8] . Despite the relative success on an aggregated level, the Swedish cervical cancer screening programs have proven to target segments of the population unequally [9] . Foreign-born women attend to a lower degree than Swedish-born women [10, 11] . It is also suggested that the cervical cancer screening programs fail to attract women living in rural areas [12] , women who have sex with women [13] , and single women [14] . Moreover, participation rates are lower in socioeconomically disadvantaged areas, suffering from poor educational and income levels as well as high unemployment rates [15, 16] . However, Swedish studies exploring whether mental illness constitute a barrier to attend cervical cancer screening programs are sparse.
Mental illness is suggested to have increased among the Swedish population since the early 1990s, particularly among women between 16 and 34 years of age [17] . Persons with psychiatric diagnoses often have poorer somatic health status and lower life expectancy than the general population [18] . There are also disparities in Swedish cancer care, in which patients with psychiatric diagnoses die from their cancer to a greater extent than other patients [19] . Women with psychiatric diagnoses received their breast cancer diagnosis and treatment at a later stage than other patients with breast cancer, indicating that mentally ill women are not screened to the same extent as other women [19] .
International studies have investigated the correlation between psychiatric diagnoses and cervical cancer screening participation. In Canadian [20] and Taiwanese [21] studies, women diagnosed with schizophrenia proved less likely to have a Pap test than women without such a diagnosis. Another Canadian study [22] found that women with psychosis were five times less likely to have a Pap test than women without psychosis. On the contrary, within a group of US women with depression, it could not be found that women with high depressive symptom burden in the subsequent year had lower odds for Pap testing [23] . Naturally, there are variations among the group of mentally ill women. In another Canadian study [24] , younger depressed women were found to be more likely to have had a recent Pap test than older depressed women.
Despite the relatively positive results of Swedish cervical cancer prevention, approximately 140 women still die from the disease annually [25] , three-quarters of whom had not taken a Pap test within the recommended intervals [26] . Thus, identifying nonparticipants is crucial in order to launch interventions for the relevant group. The present paper addresses the following questions: Compared with invited women overall, to what extent do women with psychiatric diagnoses attend the cervical cancer screening program? Are there differences in participation rates across psychiatric diagnostic groups and grades of severity?
Methods

Study design
Despite varieties within the decentralized Swedish healthcare system, the organization of psychiatric care is largely similar across the various regions/councils. As stated in regional guidelines [27] , primary care is responsible for early detection and assessment of psychiatric states among the patients seeking care. This level of care is responsible for treating patients with generalized anxiety disorder, panic syndrome, crisis reaction, obsessive compulsive disorder, social phobia, mild to moderate forms of depression, post-traumatic stress syndrome, self-harm, substance abuse, and eating disorders. Besides physicians and nurses, psychologists and psychotherapists work at the primary care centers. Specialist psychiatry is responsible for treating patients who suffer from attention deficit hyperactivity disorder and autism, schizophrenia and other psychoses, bipolar syndrome, relapsing depressions, and severe forms of depression, posttraumatic stress syndrome, self-harm, substance abuse, and eating disorders.
Data was retrieved from three registers. The first is the Vega database, the comprehensive database for healthcare consumption in the Region Västra Götaland. This database includes person-bound diagnosis in all healthcare, in-patient and out-patient, specialized care and primary care. This publicly owned database was established in 2000 and weekly deliveries of data are compulsory from all sectors of healthcare in the region [28] . The second register is the process quality register for cervical screening. This is part of the national quality register for cervical screening [29] and has had 100% coverage since 1993 for cervical smears in the Region Västra Götaland, taken as screening or clinical sample, and in public-and private-run facilities. The third register is the Swedish total population register from the government-run Statistics Sweden [30] . Data was linked by the 12-digit personal number assigned to all citizens in Sweden.
Cohort definition
As a reference cohort, we used all women registered as residents in the geographical region of Västra Götaland on December 31, 2014 who were aged between 23 and 60. In total, 341,171 women were included in this cohort.
Inclusion criteria for the study cohort included women registered as residents in the region of Västra Götaland on December 312,014; were aged between 23 and 60; who had visited psychiatric outpatient clinics and/or primary care between 2000 and 2010 and, on at least two of these occasions were diagnosed with any of the following diagnosis and ICD-10 (International Statistical Classification of Diseases and Related Health Problems -Tenth Revision) codes: psychoses (F20*-29*); affective disorders (F30*-39*); or phobia, anxiety, stress, etc. (F40*-48*). A woman did not need to have the same diagnosis on both occasions in order to be included in the study cohort. In the Vega database of Region Västra Götaland, at total of 65,292 women were identified in accordance with the above.
Each woman in the study cohort was sorted into a diagnostic group, based on her most severe diagnosis. Consequently, diagnoses within F30 and F40 were graded either S (severe, contact with psychiatric specialist) or L (less severe, no contact with psychiatric specialist). No grading was made of F20, as all women with diagnosis of psychosis had contact with psychiatric specialist. Thus, the diagnoses, ranked from most to least severe, were: (1) F20, (2) F30S, (3) F40S, (4) F30 L, and (5) F40 L.
Outcome
Participation in the cervical cancer screening program from January 1, 2010 to June 30, 2015 for the study cohort were compared with reference cohort's participation during the same period of time. Because of the standard practice in which women under 50 years of age are invited to the screening program every three years, and women over 50 years of age are invited every five years, all invited women should have received at least one invitation during the selected period of time. Due to invitation procedures that allow some variance, a five-and-a-half-year outcome period was set.
Statistical analysis
The analysis was conducted using logistic regression adjusted for age and censored for outcome before exposure. The latter was relevant due to an overlap in the intervals of 2010, meaning there was a risk that women in the study cohort could have participated in the screening program before being exposed for psychiatric diagnoses. Consequently, "censored for outcome before exposure" indicates that "participation" in the screening program for women in the study cohort is relevant only if they had participated after two registered psychiatric diagnoses. However, there were no censored patients in this study. The relative risk (RR) and 95% confidence interval (CI) were calculated. All statistical analysis were performed using R. Table 1 describes the baseline characteristics of our study cohort by age and most severe psychiatric diagnosis.
Results
The first row in Table 2 shows the number of visits with one or several psychiatric diagnoses for the study cohort on an annual level. Because the patients may revisit healthcare providers year after year and the cohort gradually increases, these numbers appear to have a cumulative nature. The second row show the number of unique patients calculated on the basis of the first visit with psychiatric diagnosis during the study period.
As shown in Table 3 , the relative risk for participation (RR) among women within the group that had contact with specialist psychiatric care (FxxS) was 0.94 (p < 0.05).
The RR for diagnoses without contact with psychiatric specialist care was 0.99 (p < 0.05). The RR for women with psychotic diagnoses (F20*-F29*) was 0.81 (p < 0.05).
Discussion
Despite the effectiveness in reducing cancer mortality [31, 32] , participation rates among groups of women in cervical cancer screening programs vary [33] . This study adds to previous knowledge of participation in cervical cancer screening among women with psychiatric diagnoses by highlighting the potential difference in participation among women with severe and less severe such diagnoses. The strengths of the study include a population-based cohort design with a large sample size. Using high-quality registers instead of self-reported exposure and outcome information further adds to its strengths.
This study could not report any considerable differences in risk of participation in the local screening program between the general reference group and the study group with psychiatric illness overall. Due to the large size of the study, almost all differences are statistically significant, but the clinical importance of the difference is small. Similarly, previous research [23] has not found that the odds of taking a Pap test are lower for women with high depressive symptom burden. However, within the study cohort there were important variations in this study. For example, women who attended psychiatric specialist care were less likely to participate in the screening program than women who had received their psychiatric diagnoses in primary care or elsewhere; this most probably reflects differences in the severity of the disease. Most notably, and similar to previous findings [20] [21] [22] , women with psychosis and obsessive/compulsive disorders in specialist care were least likely to have a Pap test, while women with even severe affective disorders participated in screening to the same extent as the general population.
We constructed a hierarchy of groups of psychiatric diagnoses, which served as the base for selecting the most severe diagnosis when women had more than one. This scale is not validated. Another limitation is that the completeness of the large Vega database is not validated, which means that data from its development phase -the first years after 2000 -could be missing. This bias could theoretically underestimate the true difference. However, this bias seems to be very limited, given that the largest number of unique patient entries was registered in 2001, the second year after the start of the database (Table 3) .
We have not had access to other data that could have an association with the outcome, such as socioeconomic deprivation and marital status. Adjusting for such factors could be of further epidemiologic interest, although it is beyond the scope of this study as we aim to study actual participation in the screening program and identify differences across psychiatric diagnosis, not to investigate causality.
The strengths of this study are that it covers the entire population and that outcome data comes from a comprehensive database with total coverage of the population. The criterion that women had to have been diagnosed on at least two occasions in order to be included in the study cohort also provides a validation of psychiatric illness.
Official national reports [19] and previous international studies [34] report higher cancer mortality rates in people with psychiatric diagnoses compared to the population overall. Concerning cervical cancer, some research [35] has not found any differences in the risk of developing cervical cancer between patients with schizophrenia and patients without the diagnosis. Indeed, a Danish study [36] suggested that patients with schizophrenia had a decreased risk of developing cervical cancer compared to other women. Our study indicates that women with psychosis have a 20% lower screening participation than the general population, and thus a lower protection against cervical cancer. If this finding was also valid for breast cancer screening, it could explain part of the pronounced worsened stage-distribution found for patients with psychosis [19] .
For women with schizophrenia, it is suggested that good continuity of care increases the likelihood of a Pap test being taken [20] . A general barrier for participation in cervical screening programs is suggested to be its impersonal and anonymous nature [37] . To overcome this, it is considered important not only to focus on printed material and invitations, but also to spread information orally [38] or by films [39] , to include women's social networks in dissemination of information [10, 40, 41] , or to arrange special events [42] . Representatives of non-participants may also be invited to identify barriers, propose solutions, and to execute these solutions to their peers [15, 16] . In the local context of this study, the healthcare provider's suggested actions to overcome inequities include annual counseling for persons with psychiatric illnesses about somatic status, including whether they had participated in mammography and had a Pap test taken [43] . Moreover, it is suggested that participation of persons with serious mental illnesses may vary between different programs, with higher participation in cervical cancer screening than breast, prostate, and colorectal cancers [44] . This suggests that non-participation may be even greater in other screening programs than the cervical cancer screening program of this particular study.
In the local context of Region Västra Götaland in Sweden, the last two decades have seen great efforts to methodically improve knowledge of cervical cancer and increase participation in the local screening program. Consequently, overall participation in the regional cervical cancer screening program is higher than in many other regions in Sweden [29] . These efforts may have benefitted women with psychiatric diagnoses as well, especially explaining the almost identical participation between women with less severe (L) psychiatric diagnoses and women overall in this study.
Conclusions
Most women in Sweden participate in the cervical screening program. This study has found that women with less severe psychiatric diagnoses participate in the screening program to a similar extent as women overall. While women with severe affective disorders also have a high participation rate, women with other psychiatric diagnoses requiring specialist care, such as psychosis, participate less. This implies that psychiatric specialist care should better support their female patients to participate in the cervical screening programs, and other actors in the healthcare system should better support engagement for the group in the screening program. 
